Quality Study in the Reconstruction of Brick Houses that Built after Earthquake 2009 in Koto Tangah Sub-district-Padang  by Putri, Prima Yane
 Procedia Engineering  95 ( 2014 )  510 – 517 
1877-7058 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of organizing committee of the 2nd International Conference on Sustainable Civil Engineering 
Structures and Construction Materials 2014
doi: 10.1016/j.proeng.2014.12.212 
ScienceDirect
Available online at www.sciencedirect.com
 2nd International Conference on Sustainable Civil Engineering Structures and Construction 
Materials 2014 (SCESCM 2014) 
Quality study in the reconstruction of brick houses that built after 
earthquake 2009 in Koto Tangah sub-district - Padang  
Prima Yane Putri 
Department of Civil Engineering, Universitas Negeri Padang, Padang 25000, Indonesia 
Abstract 
This study investigated the quality of wall bricks that are used by people in Koto Tangah - Padang to rebuild their homes after the 
30 September 2009 earthquake. This research covered the nature of looks, size and tolerance, water absorption and compressive 
strength of bricks, and compared them with Indonesian National Standard of bricks (SNI 15-2094-2000). Primary data were 
gained from field sampling and laboratory testing (experimental test) and then were analyzed to determine the quality of bricks. 
The results showed that the bricks do not meet the requirements of the SNI 15-2094-2000. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
West Sumatra earthquake of 30 September 2009 (7.9 SR) leaves damage to the native community, especially in 
areas close to the epicenter: Padang City, Padang Pariaman and Pariaman. Damage generally occurs in house 
buildings made with brick walls because the buildings did not meet the requirements, used building materials that 
are not qualified and were built with poor quality building work. 
In the future, to anticipate the severe damage, all buildings should be designed safer to the earthquake. Buildings 
should have a foundation, structural columns and concrete beams. In addition, they should be built with good quality 
building materials (standards fulfilled), lightweight and flexible can be used to make the load becomes lighter 
structure, so that they will strong enough when earthquake occurs. 
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One of building components that suffers damage during an earthquake is the wall. The main material of wall is 
bricks. Based on the research results of brick quality in the earthquake area (district of Padang Pariaman) conducted 
by Department of Civil Engineering, State University of Padang and JICA (Japan International Cooperation 
Agency) in 2010 and 2012, the quality of bricks do not meet the applicable requirements (physical form, brick size 
and compressive strength). Production of bricks had an average weight of 2.3-2.5 kg per piece, this condition is 
certainly exacerbate the damage caused by the earthquake due to the heavy wall will add to the mass of the building. 
The rebuilding of the house (reconstruction) from the quake community simultaneously create increased demand 
for building materials, one of the many building materials needed in the reconstruction process is brick. High 
demand in the absence of good control of the production, it will affect the quality of the brick. If the brick is not 
good quality, then the risk of damage to buildings in the event of an earthquake would be greater. 
This article presents the experimental study conducted to test the quality of the brick to the wall that used by the 
Padang City and surrounding communities in rebuilding houses after the 2009 earthquake. 
As the research object is the bricks used by the people who are in rebuilding his home after the earthquake 30 
September 2009 at several locations in the Padang City. Testing the quality of the brick made in Building Materials 
Testing Laboratory - Department of Civil Engineering - State University of Padang. 
Guidelines, theory, experiment equipment and procedures used in this study refers to the standards of the 
American Society for Testing and Materials (ASTM) with regard SNI 15-2094-2000. 
2. Material and Methods 
2.1. Material of bricks 
The base material forming bricks depends on the type and manner of making bricks. Clay is main material to 
make the bricks. Clay colloids is very small (less than 1 micron). Each colloid look like small plates consisting of 
sheets of crystalline atomic structure that repeats. The sheets are crystal tetrahedron/ silica sheet, and octahedron / 
alumina sheet. 
In the use of clay for brick making, be aware of several things: (a) clay used must meet the plasticity and 
cohesive so it can be easily formed. Clays that have a high value can cause the plastic bricks that formed would 
explode, cracked or broken when burned, (b) dry clays must have high strength and low dry shrinkage (maximum 10 
%), (c) should not contain lime granules and gravel larger than 5 mm, (d) sandy clay bricks will produce better when 
compared with the use of pure clay. 
 
 
Fig. 1 . (a) Koalinite; (b) Ilite (from Mitchell, 1993 after Tovey, 1971) 
As the material in the process of binding reaction material for the manufacture of bricks used water. Provision of 
water at certain levels is intended that the bricks easily printed. In the manufacture of clay bricks, the addition of the 
moisture content indicated by the absence of attachment of clay on the palm of the hand. Besides, the need for visual 
inspection of the water used as non-greasy, does not contain a lot of debris and dirt. 
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Clay bricks are bricks made of clay with or without a mixture of other materials through a process of burning or 
drying. Burnt clay brick with high temperature to not shatter when soaked in water and has a hole cross-sectional 
area of less than 15 % of the area of the flat pieces. Clay bricks are produced through the combustion process known 
as red brick. 
 
 
Fig. 2 . Brick clay 
Some of the conditions that must be met in the production of clay bricks ( NI - 10 , 1978) : (a) the exterior, the 
form required by this type of brick is a rectangular prism -shaped long, have sharp angles and surface average and 
did not show any cracks, color, and tinny sound, (b) the size of bricks shall be in accordance with the standards of 
NI - 10 ( 1978), namely : M - 5a (190 x 90 x 65 mm), M - 5b (190 x 140 x 65 mm) and M - 6 (230 x 110 x 55 mm). 
In a standard measurement, the largest deviation is allowed for each length, width and maximum thickness between 
3% - 5 % , (c) salt solution, the salt content exceeds 50% is not allowed because it would result in the closing of the 
brick surface and may reduce durability brick, (d) absorption , required not exceed 20 %, and (e) the normal density 
bricks ranged from 1.8 to 2.6 gr/cm3 
2.2. Brick requirements 
Solid red brick wall for a wall must meet the quality requirements of the Indonesian National Standard (SNI) 
such as the shape, size and tolerance, compressive strength, harmful salt and water absorption. 
x Shape  
The shape is the condition of the bricks appear visually must form a rectangular prism length, the ribs are angled, 
flat and not cracked, and the size limit allowed by tolerance. 
Table 1. Dimensions and tolerances for a pair of solid red brick wall 
Module Height  (mm) Width (mm) Length (mm) 
M-5a 65 ± 2 92 ± 2 190 ± 4 
M-5b 65 ± 2 100 ± 2 190 ± 4 
M-6a 52 ± 3 110 ± 2 230 ± 5 
M-6b 55 ± 3 110 ± 2 230 ± 5 
M-6c 70 ± 3 110 ± 2 230 ± 5 
M-6d 80 ± 3 110 ± 2 230 ± 5 
    Source: SNI 15-2094-2000 
x Compressive strength 
Brick compressive strength is the main trait as quality classes in addition to the value of water absorption (suction 
rate) that affects the results of masonry work. Compressive strength of masonry walls is more influenced by the 
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strength of the mortar, and is limited by the power brick. So there are times when the addition of mortar strength is 
no longer a significant change to the compressive strength of masonry walls red. 
Table 2. Compressive strength and coefficient of variation for the solid red brick wall 
Class  Compressive strength class minimum 
average of 30 bricks tested 
Coefficient of variation of the average 
compressive strength of the tested 
(kg/cm2) (Mpa) (%) 
50 50 5 22 
100 100 10 15 
150 150 15 15 
 
Compressive strength class minimum average of 30 bricks tested coefficient of variation of the average 
compressive strength of the tested 
x Water absorption 
Another requirement is the water absorption of a massive red brick because of the nature of the material in the 
form of dry bricks will absorb water. In practice mixing water will be absorbed by the bricks, the mortar water 
function in the process of hardening cement mortar will be reduced and the power down. 
The maximum water absorption of solid red brick wall for couples allowed is 20%. If the water absorption is 
greater than required, it needs to be done soaking the bricks before installed. 
2.3. Methodology  
Testing was conducted on the appearance (surface flatness, cracks, and angle rib), size and tolerance, water 
absorption and compressive strength of the bricks used by the community to rebuild houses / buildings after the 
2009 earthquake and compare it to the standard ISO 15-2094 - 2000. 
x Sampling location 
Sample bricks which will be tested come from the location of the community redevelopment area in Koto Tangah 
- Padang. Sampling was done randomly from the accumulation of building materials are being used, so that the 
representative of the overall existing brick . 
The bricks were taken from each location by 5 bricks of 10 locations rebuilding communities. Tests carried out in 
the Laboratory Testing Building Material - State University of Padang. 
x Flow chart of research 
Flow chart of research showed at Appendix B. 
3. Results and Discussion 
3.1. Brick visualization  
Test showed that 60 % of bricks are not flat. There are no cracks on the entire sample surface. 50 % have right-
angled corners and the other 50% do not have right-angled corners. The test results are shown in Appendix A. 
It shows most of the bricks used in Koto Tangah have looked unfavorable nature and do not fulfilled the 
established requirements. 
3.2. Dimensions and tolerances 
Measurement data compared to the size and tolerance module M - 5a SNI 15-2094-2000. 23% of bricks meet the 
length requirement and 67% did not fulfill the requirement. 17% of bricks meet the width requirement and 83% did 
not fulfill the requirement. As for the size of thick ineligible predetermined thickness. 
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This data indicates the size of the bricks used are too small and thin , it will affect the strength of wall and the 
wall itself to withstand shear forces on the building . 
3.3. Water absorption 
From the test results and tables and water absorption compared with SNI 15-2094-2000 absorption brick that 
requires a maximum of 20 %, so he found only 20 % of the eligible sample test and 80 % more are not eligible. 
Fig. 3 . Diagram water absorption of bricks 
3.4. Compressive strength of bricks 
Brick compressive strength testing of 30 samples showed that no bricks that meet the requirements specified by 
SNI 15-2094-2000 (the minimum strength brick wall for couples class 50 is 50 kg/cm2) . 
Fig. 4 . Diagram compressive strength of bricks 
3.5. Discussion 
Based on the analysis of four types of testing that is the visualization, size, water absorption and compressive 
strength of the bricks used in rebuilding the communities in the district in Koto Tangah as follow: 
x Appearance (flatness, cracks and) affect the compressive strength of bricks, which when nature seemed bricks 
meet the requirements or standards exist then it will increase the value of compressive strength. 
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x Brick size which meets the requirements or standards will increase the compressive strength. 
x Most of the test results indicate that a large percentage of water absorption on brick will make the value of the 
compressive strength of the brick into small (down). 
x Compressive strength minimum average brick wall, the test results are at 23.46 kg/cm2, value indicates that 
bricks do not meet the requirements of an average compressive strength of a minimum of 50 ± 11 kg/cm2. 
x The absorption of water on an average brick is 23.45 %, this value indicates that the absorption of water also does 
not meet the requirements of> 20 %. 
x Communities , especially those in Koto Tangah not know the criteria for a good brick building materials ( 
according to Indonesian National Standard SNI 15-2094-2000 ) 
x Needs to be disseminated to the consumer ( the public ) about the criteria for a good brick and meet the quality 
standards of the Indonesian National Standard SNI 15-2094-2000 , so that consumers can choose a good quality 
bricks for building . 
x Needs to be done on the education and socialization of industry people bricklayers, so that they are able to 
produce bricks that meet the Indonesian National Standard SNI 15-2094-2000 . 
x Required the existence of a strict supervision from relevant agencies on the quality of bricks, so the bricks are 
sold already meet the requirements / standards applicable . 
x Further research needs a broader , using more examples and source of origin of some bricks / brick production 
area , so we get an idea of the quality and the quality of bricks used by the public , especially for areas that are 
prone to earthquakes . 
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Appendix A. Result of Brick Measurement 
No Sample 
Length Deviation  Width Deviation  Height  Deviation  
(cm) (mm) (cm) (mm) (cm) (mm) 
   A 19.85 0.45 9.44 0.04 5.60 0.70 
1 Sample 1 B 19.94 0.54 9.66 0.26 5.45 0.85 
   C 18.79 0.00 9.62 0.22 5.43 0.87 
    A 18.07 0.53 9.18 0.00 5.34 0.96 
2 Sample 2 B 18.01 0.59 9.24 0.00 5.20 1.10 
    C 17.81 0.79 9.22 0.00 5.18 1.12 
   A 19.65 0.25 9.58 0.18 4.88 1.42 
3 Sample 3 B 19.80 0.40 9.64 0.24 4.95 1.35 
   C 19.83 0.43 9.71 0.31 5.04 1.26 
    A 19.81 0.41 10.01 0.61 5.50 0.80 
4 Sample 4 B 19.79 0.39 10.15 0.75 5.42 0.88 
    C 19.33 0.00 10.21 0.81 5.40 0.90 
   A 19.82 0.42 9.70 0.30 5.56 0.74 
5 Sample 5 B 19.85 0.45 9.77 0.37 5.51 0.79 
   C 19.81 0.41 9.76 0.36 5.62 0.68 
    A 19.21 0.00 10.08 0.68 5.00 1.30 
6 Sample 6 B 19.32 0.00 10.04 0.64 4.94 1.36 
    C 19.33 0.00 9.52 0.12 5.07 1.23 
   A 20.00 0.60 10.00 0.60 5.37 0.93 
7 Sample 7 B 20.01 0.61 10.08 0.68 5.25 1.05 
   C 19.99 0.59 9.95 0.55 5.31 0.99 
    A 18.41 0.19 9.59 0.19 4.53 1.77 
8 Sample 8 B 18.64 0.00 9.33 0.00 4.80 1.50 
    C 18.43 0.17 9.35 0.00 4.91 1.39 
   A 19.27 0.00 9.95 0.55 5.00 1.30 
9 Sample 9 B 19.43 0.03 9.72 0.32 5.03 1.27 
   C 19.68 0.28 9.68 0.28 5.02 1.28 
    A 19.76 0.36 9.88 0.48 5.17 1.13 
10 Sample 10 B 19.80 0.40 9.90 0.50 5.25 1.05 
    C 19.84 0.44 9.87 0.47 5.27 1.03 
Notice:       
A : Left side  
B : Right side  
C : Middle  
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Appendix B. Flow Chart of Research 
 









Analysis and Conclusion 
Finish  
